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(54) Title: METHODS FOR TREATING CONDITIONS AND ILLNESSES ASSOCIATED WITH ABNORMAL VASCULA- 
0\ TURE 

2 (57) Abstract: Use of radiation-absorbing dyes (e.g.. indocyanine green (ICG), fluorescein, rose bengal) and photodynamic dyes 
(e.g., heraatoporphyrins, aminolevulinic acids, porphyrins, mcrocyanines. porphycenes, porCmer sodium, veneporfm, Photofrin 11, 
^ PH-IO. chlorins. zinc phihalocyanine, purpurins. pheophorbides. monoclonal amibody-dye conjugates of any of the foregoing dyes) 
for the u-eaimeni of conditions associated with abnormal vasculature, including, generally, lesions, and, more specifically, tumors 
(cancerous and benign) and choroidal neovascularization (CNV) associated with agc-rclatcd macular degeneration (ARMD). 
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METHODS FOR TREATING CONDITIONS AND ILLNESSES 
ASSOCIATED WITH ABNORMAL VASCULATURE 

FIELD OF THE INVENTION 

5 The preseni invention relates generally to methods for treating harmful 

•conditions and illnesses associated with abnormal vasculature. 

BACKGROUND OF THE INVENTION 
Abnormal vasculature in a body is typically associated with a lesion. Lesions 
are generally d_efined as an abnormal tissue structure located in an organ or other body 
10 pan, and are often a manifestation of a harmful condition, disease or illness. Lesions 
may take many specific forms, e.g.. choroidal neovascularization (CNV) found in the 
eye. and tumors, both benign and malignant, located in organs and other pans of the 
body. 

CNV is one manifestation of Age-Related Macular Degeneration (AMRD). 

15 AMRD is a leading cause of significant visuarimpairmeni in the elderly. CNV 
originates in the choroidal blood vessels of the eye which lie adjacent the retina. 
When a CNV forms, it may intrude into and displace a portion of the retina from its 
normal position, thereby distoning vision. Timely diagnosis and treatment of a CNV 
is an imponant therapeutic objective because permanent vision loss can resuh if 

20 hemorrhage of the CNV occurs. 

Common methods of treating abnormal vasculature use laser technology. One 
example of such methods, used in the treatment of CNV, is photodynamic therapy 
(PDT). The object of PDT is to permit selective destruction of undesirable tissue 
without damaging surrounding healthy tissue. This is possible because the 

25 photodynamic dyes used in PDT are selectively retained in the area to be treated. For 
example, in the case of CNV. the photodynamic dye selectively binds to the 
proliferating endothelium in the CNV. Similarly, in the case of tumors, the 
photodynamic J\ c remains in cancer cells for a longer period of time than in normal, 
healthy cells. Thus, only a general identification of the tissue to be treated need be 

30 obtained before administering PDT. 

Generally, the application of PDT requires the administration of a 
photodynamic dye into a subject, typically by IV injection. After the dye 
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administration is completed, the dye becomes distributed throughout the body. The 
physician must then wait until the dye accumulates in the tissue to be treated, and the 
concentration of dye in the healthy tissues becomes relatively low compared to that in 
the tissue lo be treated. When thai point is reached, the dye in the tissue to be treated 
5 is subjected lo radiation, e.g.. light of a cenain wavelength generated by a laser, 

causing excitation of the dye. While the precise mechanism is not fully understood, it 
is believed that the dye. when excited, generates oxygen radicals. These radicals 
attack the cells of the surrounding tissue, resulting in degranulation of those cells. By 
way of specific example, and in the case of a CNV, PDT destroys the endothelial cells 

10 of the CNV. This reduces, and preferably halts, the flow of blood within the CNV. 
In treating tumors, endoscopes are commonly used in combination with fiber optics to 
deliver radiation (in the form of light) of a particular wavelength (generally from 
about 630 nm to about 750 nm) to the tumor undergoing PDT. Radiation delivery via 
fiber optics is advantageous because it allows the treatment light source to placed 

15 close to the tumor, enabimg treatment of only the tumor. This delivery method is also 
currently required because the treatment radiation cannot pass through more than 
about 3 cm of tissue. One reference describing the use of PDT in cancer therapy is 
'The Use of PDT in Phoiodynamic Therapy in Oncology: Methods and Clinical Use.'' 
85(6) J. Nai'l Cancer Inst. 443-456 (1993). 

20 Unfortunately. PDT is not a permanent solution, particularly with respect to 

CNV treatment. Reperfusion following initially successful PDT on a CNV typically 
occurs within 4-12 weeks after treatment, requiring a subject to receive multiple re- 
treatments. This on-going need for re-treatment is costly and inconvenient to the 
patient. 

25 Further, and at least in the case of Photofrin® (a photodynamic dye used with 

PDT), patients experience a skin sensitivity to light after administration. More 
specifically, patients lo whom Photofrin® has been administered must avoid direct 
sunlight for 4 to 6 weeks after administration, and take other related precautions, e.g., 
wear simglasses and protective clothing when outdoors. In addition, surgery 

30 involving exposure of internal organs to bright surgical lights must be avoided. 
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A need thus exists for improved methods of treating conditions and illnesses 
having abnormal vasculature associated therewith, including, but not limited to. 
lesions, and, more specifically. CNVs and tumors. 

SUMMARY OF THE INVENTION 

5 The prescni inveniion meets the foregoing and other needs in a variety of ways. 

Generally, the present inveniion provides a method for treating a lesion, such as a CNV 
or tumor, in an animal. The methods of the present inveniion contemplate treating 
such a lesion by subjecting the lesion to PDT. and subjecting a blood vessel that 
carries blood into the lesion to thermal photocoagulation to reduce the flow of blood 

10 through that vessel and into the lesion. Regression of the lesion should follow this 
method of treatment. 

It has been found methods of the present invention offer, among other 
benefits, enhanced therapeutic results and cost savings as compared to therapy 
consisting of PDT alone. For example, the need for PDT re-treatment is eliminated 

15 by the use of thermal photocoagulation, thereby lowering the overall cost of treatment 
and lessening patient inconvenience. Funher. the undesirable side effects associated 
with PDT, e.g.. skin sensitivity to light, are minimized using the inventive method. 

More specifically, one aspect of the present inveniion includes, but is not 
limited to. the steps of: administering a first composition comprising a photodynamic 

20 dye and a pharmaceuiicaliy-acceptable carrier to the animal to fill at least a ponion of 
the lesion with the ilrst composition: applying radiation to the photodynamic dye in 
the lesion of a X}ipe and in an amount sufficient to excite the photodynamic dye: and 
applying radiation to the blood vessel that carries blood into the lesion of a type and 
in an amount sufficient to increase the temperature of the vessel, reducing the rate of 

25 blood flow through the vessel. 

Another aspect of the present invention provides methods specific to the 
treatment of a CNV. In connection with the development of this aspect, it was 
recognized that, after PDT of a CNV was completed, and recurrence of the CNV was 
detected, angiograms of the CNV permitted CNV feeder vessels to be readily 

30 identified, as compared to angiograms obtained without prior PDT. Of course, once 
such feeder vessels are identified, thermal photocoagulation (with or without the use 
of a radiation-absorbine dye. the laner also referred to as dve enhanced thermal 
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photocoagulation) can be performed with a relatively high degree of success, 
providing for relatively permanent treatment of the CNV. 

A further aspect of ihe present invention provides methods specific to the 
treatment of a lumor in an animal. The method includes, but is not limited to, the 
5 steps of: administering a first composition comprising a photodvTiamic dye and a 

pharmaceuiically-acceptable carrier to the animal to fill at least part of the tumor with 
the first composiiion: applying radiation to the phoiodynamic dye residing in the 
tumor of a type and in an amount sufficient to excite the photodynamic dye: and 
applying radiation to a blood vessel that carries blood into the tumor of a tNpe and in 

10 an amount sufficient to increase the temperature of the vessel, reducing the rale of 
blood flow through the vessel and into the tumor. 

All of the inventive aspects of the present invention as described and claimed 
herein may be used on animals, e.g., htimans, dogs, cats, but are preferably used in 
cormection with the diagnosis and treatment of human subjects. 

1 5 The inventive methods may be expanded upon b>' the optional administration of 

other treatment steps or therapies. For example, and in connection with the treatment 
of tumors, the present invention may, if desired, be augmented by the administration 
of chemotherapeutic and/or anti-angiogenesis agents (either via IV or by direct 
injection into the tumor), conventional radiation therapy, or combinations thereof. If 

20 a tumor is undergoing treatment in accordance with the inventive methods, a decrease 
in size of the tumor after the treatment may permit successful removal of the tumor by 
surger)'. 

The foregoing and other aspects of the present invention will be more clearly 
understood upon reference to the following preferred embodiments. 
25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The methods of the present invention include a series of treatment steps. It 
should be understood that these methods and associated steps may be performed in any 
logical order. Funher. the methods may be performed alone, or in conjunction with 
other diagnostic procedures and treaunems administered before, during or after such 
30 methods without depaning from the scope and spirit of the methods. 

One aspect of the present invention provides a method for treating a lesion in an 
animal. For the method of treatment to be effective, the lesion should further have a 
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blood vessel thai carries blood into (feeds) the lesion. The inventive method includes, 
but is not limited to, the steps of: administering a first composition comprising a 
photodynamic dye and a pharmaceuticaliy-acceptable carrier to the animal to fill at 
least a portion of the lesion with the first composition. After administration of the 

5 first composition, radiation is applied to the photodynamic dye that is resident in the 
lesion. The radiation should be of a tNpe and in an amount sufficient to excite the 
photodynamic dye. When the photodynamic dye becomes excited, the lesion is 
damaged, and subsequently regresses. 

While not being bound to any particular theory, it is believed that the 

10 mechanism of action of photodynamic dyes is as follows. When the dyes are exposed 
to a specific type of radiation — a specific wavelength of light, which varies from dye 
to dye — the dye is changed from its normal, inactive state to an excited state. In the 
excited state, the dyes pass their energy to oxygen molecules present in the 
surrounding blood and tissue cells of the body, creating a chemical radical called 

15 singlet oxygen. Singlet oxygen is toxic to cells because it oxidizes, or attacks, cellular 
structures, for example, and possibly, the cell membrane, mitochondria, lysosomal 
membrane, and the nucleus. When the accumulation of damage from oxidation 
exceeds a threshold level, the cell begins to die. 

Evidence from tumor and CNV models indicate that occlusion, or blockage, of 

20 the vasculature is a major mechanism of PDT. which occurs after damage or death of 
the targeted cells, wherein platelet adhesion, degranuiation and thrombus formation 
result. 

After deciding to proceed with PDT treatment using photodynamic dyes, any 
of a number of available photodynamic dyes can be used. The dye selected should be 
25 capable of causing damage to the targeted tissue after exposure to the appropriate type 
of radiation, e.g., light of a certain wavelength, i>'pically between about 630 run and 
about 750 rnn. A number of dyes that meet this criteria are presently available, and 
include, but are not limited to: 

hemaioporph>Tins. which include derivatives thereof such as, e.g., 
30 dihematoporph>Tin ethers and dimer and trimers of hematoporphyrins (examples of 
which are described in U.S. Patents 4.968J15 and 5.190,966), and improvements 
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thereon, examples of the latter being described in U.S. Patents 5.028,621, 4,866,168, 
4,649.151 and 5.438,071; 

aminolevulinic acids (precursors to hematoporphvTin) as sources of 
phoiodynamic compounds, as described and exemplified in U.S. Patent 5.079.262; 
5 porphyrins, including boronaied porphyrin, bcnzoporphyrin, and derivatives 

thereof, and as further exemplified by the green porphyrins described in U.S. Patents 
4.883.790, 4.920.143. 5,095.030 and 5.171,749; 

merocyanines: 

porphycenes; 
10 porfimer sodium: 

verteporfin (Vysudine^^^ CIBA Vision): 

Photofrin II™: 

PH-10™; 

chlorins, as exemplified by meso-tetra(hydroxyphenyl)-chlorin and 
15 bacteriochlorins. the latter exemplified in U.S. Patents 5,171,741, 5.173,504; 

zinc phthalocyanine. as described in U.S. Patent 5.166.197; 

purpurins. such as tin ethyl etiopurpurin (SnET2™. Miravant): 

pheophorbides. examples of which are described in U.S. Patents 5.198.460. 
5.002.962 and 5.093.349: and 
20 monoclonal antibody-dye conjugates of each of the foregoing, and. optionally: 

mi.xtures of any or all of the foregoing. 

Another patent that describes or identifies suitable photodynamic dyes is U.S. 
Patents 5,910,510. 

Several photodynamic dyes are currently approved by the FDA, or are in 

25 clinical trials, for use in treating cancer. For example. Photofrin® (porfimer sodium, 
manufactured by QLT PhotoTherapeutics and distributed by Sanofi Pharmaceuticals, 
Inc. and Beaufour Ipsen) is currently FDA-approved for early and late stage lung 
cancer and esophageal cancer. The following other photodvTiamic dyes are presently 
undergoing clinical trials and'or animal studies: Bopp® (boronaied porph>Tin, Pacific 

30 Pharmaceuticals) for brain cancer, Foscan® for head and neck cancer (Scotia 
QuanlaNova). Luirin™ for breast cancer (lutetium texaphyrin (Lu-Tex). 
Pharmacyclic) and PH-10 for cancerous rumors fPhoiogen Technologies. Inc.). PDT, 
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using phoiodynamic dyes, is also undergoing clinical trials directed toward treating 
early-stage gastric and cervical cancers, skin cancers, arthritis, psoriasis, inflammatorj' 
bowe! disease, cervical dysplasia. Antrin® for atherosclerosis (lutetium texaphyrin 
(Lu-Tex). Pharmacyclic) and macular degeneration. 

5 The panicular wavelength of light required to excite the aforesaid and other 

photodynamic dyes is readily available in the literature, and will not be recited herein. 

The photodynamic dye may be administered by any method capable of 
delivering an effective amount of the dye to the targeted tissue, e.g.. oral, parenteral, 
and rectal administration. Parenteral administration, such as IV and IM. is preferred. 

10 The amount of dye that should be administered is that sufficient to provide an 

amount that which is capable, upon excitation, lo damage the targeted tissue. This 
amount can var\' widely depending upon the mode of administration and the 
formulation in which it is carried, e.g., liposomes, coupled to a target-specific ligand 
(such as an antibody or an immunologically-active fragment). As it is generally 

1 5 recognized that there is a relationship between the type of photodynamic dye, the 
formulation, mode of administration, and dosage level, adjustment of these 
parameters to fit the particular combination to ensure delivery of an effective amount 
of the dye formulation to the targeted tissue is possible. 

Generally, the dosage for photodynamic dyes administered via IV for CNV 

20 treatment will ivpically range from about 0. 1 mg/kg to about 20 mg/kg. 

advantageously range from about 0.5 mg/kg to about 10 mg/kg. and preferably range 
from about 1 mg/kg to about 5 mg/kg. 

After the dye is administered, the application of dye excitation radiation, 
preferably via laser light, should be withheld until the targeted tissues selectively 

25 retain the dye. in other words, radiation application should be withheld until the dye 
concentration in the target tissue is relatively greater than the dye concentration in the 
non-target tissue. This will minimize damage to the non-targeted tissue. The 
optimum time following administration until the application of radiation to the 
treatment site will var>'. and depends upon the mode of administration, the form of 

30 administration, and the nature of the targeted tissue should any radiation inadvertently 
be administered to non-targeted tissue. By way of example, if a CNV is the targeted 
tissue, the lime between administration and application of radiation ranges from about 
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1 minute to about 2 hours, advantageously between about 5 to about 30 minutes, and 
preferably about 10-25 minutes. 

The fluence and irradiation during the treatment with the radiation source can 
also var\'. depending upon the type of tissue undergoing treatment, the depth of 
5 treatment desired in the targeted tissue, and the amount of overlying fluid or blood. 
Generally, however, the fluence will var>^ between about 50-200 joules/cm'. The 
irradiance typically varies from about 1 50-900 mW/cm". with a range between about 
150-600 mW/cnr being preferred. However, the use of a higher irradiance level may 
be preferable because higher levels shonen the treatment time. 

10 While the treatment steps that comprise the inventive method are described 

herein in connection with the treatment of lesions generally, it should be appreciated 
that those steps are readily applicable to the treatment of specific t>pes of lesions, e.g.. 
CNVs and tumors. Of course, there are preferred means of completing those steps 
depending upon the particular types of lesion undergoing treatment. For example, one 

15 device used to assist in deliverv^ of the radiation for PDT, photocoagulation, or both, 
may be preferred over another (a fundus camera with diode laser associated with fiber 
optic for CNV. an endoscope with fiber optic laser for tumors), as will the wavelength 
and other characteristics of the radiation being delivered, due to differences in dye 
propenies (e.g.. different photodynamic dyes, and differences between photodynamic 

20 dyes and dyes used in dye-enhanced photocoagulation). A further description of the 
use of an endoscope with the application of radiation under both PDT and thermal 
photocoagulation is provided below. 

While the treatment steps described previously cause damage to the targeted 
tissue, the application of one or more further treatment steps in accordance with the 

25 methods of the present invention is desirable because additional damage to the tissue 
will result. More specifically, the methods of the present invention further 
contemplate applying radiation to a blood vessel that carries blood into the lesion. 
This radiation should be of a type and in an amount sufficient to increase the 
temperature of the feeder vessel, causing a subsequent reduction in the rate of blood 

30 flowing through that vessel. This step is generally referred to as thermal 
photocoagulation. 
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It should be appreciated that the further treatment step of thermal 
photocoagulaiion is preferably performed after the application of PDT when 
reperfusion of the CNV is detected, but it is not intended that the inventive methods 
be limited to thai sequence. If reperfusion after PDT occurs, it typically is detectable 
5 2-8 weeks after PDT. Thus, PDT and thermal photocoagulation need not be 
performed during a single treatment session. Days, or more likely weeks, could 
separate the PDT and thermal photocoagulation steps without departing from the 
spirit and scope of the present invention. 

While not desiring to be bound to any particular theor)'. it is believed that the 

10 application of radiation to effect thermal photocoagulation, in the manner of the 

present invention, increases the temperature of the feeder vessel above normal body 
temperature, and thereby creates an environment that promotes vessel occlusion. 
Occlusion of the vessel under such conditions is expected to occur either by 
cauterization of the vessel, or by subsequent gradual clotting of the blood within the 

15 vessel. This clotting may be promoted by the damage caused to the vessel by the 
radiation, by the creaiion of a high temperature environment within the vessel that 
causes the blood to coagulate, or by a combination thereof. 

The radiation to cause the foregoing occlusion will typically be light from a 
laser source, and may be used alone or in combination with a radiation-absorbing dye. 

20 Radiation-absorbing dyes are those that increase in temperature upon exposure to 
radiation of a particular wavelength. When used without a radiation-absorbing dye. 
the application of radiation to increase the temperature of the vessel may be referred 
to as thermal photocoagulation. When a radiation-absorbing dye is used, the 
application of radiation may be referred to as dye-enhanced thermal photocoagulation. 

25 Certain radiation-absorbing dyes may also be classified as fluorescent dyes. 

Fluorescent dyes, as their name implies, fluoresce when exposed to radiation of a 
particular wavelength. Fluorescent dye are advantageously used in connection with a 
low-powered targeting laser light (not capable of effecting photocoagulation 
treatment) to obtain angiograms of the vasculature of interest. The low-powered laser 

30 light, applied at a certain wavelength, causes the dye to fluoresce, and thus illuminates 
the vasculature, and the targeted feeder vessels. Because the angiogram permits 
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accurate targeting of the feeder vessel, the subsequent firing of the treatment laser 
should significantly increase the probability of effective treatment of the vessel. 

Advantageously, therefore, a fluorescent dye is used to obtain angiograms of 
the vasculature of interest to pennit accurate targeting, while a radiation-absorbing 
5 dye is used in dye-enhanced photocoagulation effect treatment of feeder vessels. 

Accordingly, a second composition is administered to a subject prior to 
applying the treatment laser to effect thermal photocoagulation. This second 
composition includes, but is not limited to. a radiation-absorbing dye and a 
phanmaceutically-acceptable carrier. A sufficient amount of the second composition 

10 is administered so the targeted blood vessel is at least partially filled with the 

composition. Subsequently, radiation is applied to the blood vessel of a type and in 
an amount sufficient to cause the radiation-absorbing dye to increase the temperature 
of the blood, vessel and/or tissue adjacent the dye above normal body temperature. 
The temperature increase should be sufficient to promote partial, or preferably 

15 complete, occlusion of the vessel via one or more of the theorized mechanisms 
previously discussed. 

The radiation-absorbing dyes useful in the dye-enhanced thermal 
photocoagulation steps of the present invention may be any dye thai is able to 
generate a thermal response when exposed to radiation of an appropriate wavelength. 

20 As the correlation between radiation wavelength and increase in dye temperature is 
well known to those skilled in the art, this data will not be repeated herein. The 
radiation-absorbing dyes may also fluoresce, permitting the same dye to be used to 
obtain angiographic images of blood vessels, and treatment of vessels targeted as a 
result of the angiogram. 

25 A number of radiation-absorbing dyes are known that are acceptable for use in 

the second composition of the inventive method. Exemplar)' radiation-absorbing dyes 
include fluorescein, rose bengal, indocyanine green (ICG) (IC-GREEN™. 
manufactured by Akom. Inc.. Decatur, Illinois), analogue members of the 
iricarbocyanine dyes, and any other dye which meets the criteria described herein for 

30 photocoagulation treatment procedures. The preferred radiation-absorbing dye is ICG 
because it is readily available, has long been approved for administration to humans 
for ophthalmic angiography (because it is also a fluorescing dye) and other unrelated 
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indications, and is suitable for treatment procedures. As the peak absorption and 
emission of ICG lies in the range of 800-850 nm. a light source emitting such 
wavelengths should be used when targeting vessels prior to the application of 
treatment radiation, as well as during the subsequent treatment step. 
5 The second dye composition may funher include a pharmaceuiicallv- 

acceptable carrier. The carrier enhances the administration of the radiation-absorbing 
dye to a patient, the latter being either parenterally, preferably via IV injection, or by 
other suitable means. The choice of carrier will be determined in part by the 
particular radiation-absorbing dye used, as well as by the particular route of 
10 administration of the liquid composition. The carrier should be compatible with both 
the dye and the tissues and organs of the subject that come into contact with the liquid 
composition. 

Illustrative of suitable carriers are water, saline, alcohols, red blood cells 
(RBC), glycerin, polyethylene glycol, propylene glycol, polysorbate 80, Tweens. 
15 liposomes, amino acids, lecithin, dodecyl sulfate, lauryl sulfate, phospholipid, 
Cremophor. desoxycholaie. soybean oil. vegetable oil. safflower oil. sesame oil. 
peanut oil. coiionseed oil. sorbitol, acacia, aluminum monstearate. polyoxyethylated 
faiiy acids, povidone and mixtures thereof. Advantageously, the carrier is water. 

Optional components that may be present in either of the dye compositions 
20 used herein include tonicity and/or pH adjusters, e.g., NaOH. HCl, tribuffer 

phosphate, tris bufier and the like. In addition, the composition may include thrombin 
or other known blood clotting compounds that would function to further enhance 
blood clotting during and after photocoagulation treatment. 

The compositions may initially be provided as a lyophilizate for reconsiitution 
25 before use, or as a pre-mix. in a vial or s>Tinge. 

Liposomes may also be used in connection with the present invention as a 
carrier for the dyes. .As technology providing for the formation of liposomes is well 
knov^'n. such will not be repeated herein. However, the following are illustrative of 
components that are expected to provide suitable dyc-carr>'ing liposomes: cholesterol. 
30 stearic acid, egg phosphotidyl choline, and stear\'l amine. 

When utilizing dye-enhanced photocoagulation, any suitable sotirce of 
radiation that permits the particular radiation-absorbing dye to have the requisite 
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ihermal response as it flows through the vessels of interest may be used in the present 
methods. The t>'pe and amount of radiation applied to the blood vessels of interest must 
be sufficient to cause the radiation-absorbing dye present in these blood vessels to cause 
the blood and surrounding vessel to increase in temperature. The radiation applied to a 
5 vessel for treatment, of course, should be within the limits of the maximum flux density 
or irradiance which can be applied to the blood vessels of interest within a particular 
time span without causing excessive damage to the normal, untargeted, surrounding 
tissue. The longer the duration of exposure to the energy source, the lower the 
allowable level of irradiance. The particular energy source and amount of energy 

10 applied will depend upon the iN^pe of dye administered to the subject. 

The radiation used in the thermal photocoagulation method described herein is 
preferably applied using laser optics. For ueating ocular aimors or CNVs, various 
devices, preferably fundus cameras, can be adapted for providing an appropriate level 
and type of radiation in accordance with the teachings provided herein. The latter 

15 include, for example, those described in U.S. Patents 5,279,298, 5,394,199 and 

5.400.791 . Preferably, a fundus camera having two sources of radiation (e.g., diode 
lasers) is provided. Using such a camera, one laser can be used to irradiate the general 
area of interest so any vessels requiring treatment can be identified via angiography 
using a suitable fluorescent dye, while the second relatively high-powered laser can be 

20 used almost immediately upon identification of the vessel to be treated to treat such 
vessel, either with or without the use of a radiation-absorbing dye. The ability of this 
methodology to permit the completion of thermal photocoagulation within minutes, e.g.. 
advantageously in less than about 30 and preferably less than about 15 minutes, lessens 
patient trauma and increases overall treatment efficiency. 

25 One method of determining the degree of vessel obstruction is by analyzing 

angiograms taken after treatment is completed.. For example, if the treatment results 
in total obstruction of a CNV feeder vessel, an angiogram of the downstream portion 
of the vessel, e.g., the CNV itself will not reveal any dye fluorescence. Partial 
obstruction should reveal a lower degree of fluorescence. X-ray, MR] or other 

30 scanning may also reveal a regression of the lesion after treatment. 

As previously mentioned, the present invention contemplates the treatment of 
abnormal vasculature, e.g., lesions, at locations other than in the eye. Generally, the 
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present invention permits the steps of PDT and thermal photocoagulation of blood 
vessels to be conducted at any location in an animal in which the required radiation can 
be effectively delivered. For example, tumors on the interior wall of the bladder, 
stomach, colon may be treated, as well as those on exterior walls of those organs. 

5 .Ail endoscope may advantageously be used to deliver the previously mentioned 

treatments for lesions, tumors, at location other then the eye, e.g., PDT and 
photocoagulation. For example in a preferred method wherein dye-enhanced 
photocoagulation is used, the endoscope would be inserted into the body and positioned 
adjacent the area of interest. A first instrument, typically a laser optic fiber, would be 

1 0 used with the endoscope to provide radiation at an appropriate wavelength to cause any 
of a previously administered fluorescent dye w*ithin the subject vessels to fluoresce, 
permining identification of the vessel(s) to be treated. A second instrument would be 
used with the endoscope that w^ould permit an angiographic image of the fluorescing 
dye within the vessels to be obtained. For example, an optical device connected to a 

1 5 CCD camera, such as those used to perform a colonoscopy and other invasive 

procedures to permit a physician to view the interior of a body cavity, presently exists, 
and such technology may be readily adapted for use in conjunction with the endoscopic 
procedures of the present invention. 

After obtaining the angiogram and targeting the vessels of interest, a radiation- 

20 absorbing dye is advantageously administered, followed by application of radiation of a 
xypQ and in an amount sufficient to cause the temperature of the dye. and thus the blood 
and surrounding targeted tissue, to increase, thereby affecting treatment of the targeted 
tissue. More specifically, treatment is preferably effected by applying radiation 
upstream of the abnormal vasculature, e.g., lesion, onto the feeder vessels to effect 

25 partial, or preferably total, occlusion of the vessel. 

WTien treatment of a CNV is undertaken in accordance with the method of the 
present invention, the treatment may be accompanied by anuoxidant therapy, e.g., 
administration of carotenoids such as lutein and zeaxanthin. by any suitable delivery 
means. 

30 When the treatment of a tumor is undertaken, the method of the present 

invention is preferably used in combination with other treatment agents. For example, 
therapeutically-effective amoimts of chemotherapeutic agents, such as cisplatin. 
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carboplaiin, doxorubicin, pacliiaxel, taxotere, methotrexate, fluorouracil, camptothecin, 
cyclophosphamide and mixtures thereof, may be administered, as well as 
iherapeutically-effeciive amounts of anti-angiogenesis agents, either alone or in 
combination, may be administered. The identity of suitable anti-tumor and anli- 
5 angiogenesis agents (e.g., angiostatin and endostaiin) and associated dosage regimens 
are well known, and as such will not be repeated herein. The administration of these 
agents may occur at any time, so long as the administration does not interfere with the 
treatment methods of the present invention. Advantageously, however, the agents may 
be administered in combination with the thermal photocoagulation treatment methods 

1 0 described herein. For example, the agents can be administered inunediaiely after 

photocoagulation of tumor feeder vessels, and preferably are injected directly into the 
tumor. This provides several advantages including the reduction of trauma to the 
patient because multiple treatment agents are administered in a single procedure, the 
chemotherapeutic and anti-angiogenesis agents are delivered directly to the tumor 

1 5 thereby limiting the exposure of healthy tissue to these toxic agents (as would be the 
case using conventional IV administration), and conventional radiation can be narrowly 
focused on the tumor itself, as opposed to conventional methods that irradiate an area 
surrounding the tumor. 

Conventional radiation treatment, mentioned previously, and surgical 

20 intervention, may also be used individually or in combination after the diagnostic 

methods of the present invention have been used, or alternatively in combination with 
the treatment methods of the present invention. 

When diagnosis of the tumor is made in accordance with the angiogram 
methodology of the present invention, the location and boundaries of the tumor may be 

25 determined with a high degree of precision, without resort to the use of more harmful 
diagnostic procedures, e.g.. X-rays. The precision provided by the present invention 
permits the treatment agents described previously to be more efficient because they are 
applied with a high degree of precision onto just the tumor itself, as compared to 
conventional methods, e.g., systemic administration of chemotherapeutic agents and 

30 application of radiation, which are applied over a more general area. This precise focus, 
in turn, lessens trauma to the subject by minimizing the side effects of these toxic 
agents. 
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All of the references cited herein, including patents, patent applications, and 
publications, are hereby incorporated in their entireties by reference. 

Further, and unless otherwise indicated, references to a single component, 
5 structure or step herein should be construed as also including more than one such 
component, structure or step, i.e., at least one or one or more. 



While this invention has been described with an emphasis upon preferred 
embodiments, it will be obvious to those of ordinary skill in the art that variations of the 
1 0 preferred embodiments may be used and that it is intended that the invention may be 
practiced otherwise than as specifically described herein. Accordingly, this invention 
includes all modifications encompassed within the spirit and scope of the invention as 
defined by the following claims. 
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WHAT IS CLAIMED IS: 

1 . A method for treating a lesion in an animaK the animal having a blood 
vessel thai carries blood into the lesion, comprising 

5 (a) administering a first composition comprising a photodynamic dye and 

a pharmaceuiically-accepiable carrier to the animal to fill at least a portion of the 
lesion with the first composition; 

(b) applying radiation to the photodynamic dye in the lesion of a type and 
in an amount sufficient to excite the photodynamic dye; and 
1 0 (c) applying radiation to the blood vessel that carries blood into the lesion 

of a type and in an amount sufficient to increase the temperature of the vessel, 
wherein the rate of blood flow through the vessel is subsequently reduced. 

2. The method according to claim L further comprising, prior to step (c), 
15 administering a second composition comprising a radiation-absorbing dye and a 

pharmaccutically-accepiablc carrier to the animal to at least partially fill the blood 
vessel with the second composition, wherein the radiation applied to the blood vessel 
during step (c) is of a type and in an amount sufficient to promote clotting of blood 
located adjacent to the radiation-absorbing dye in the vessel when absorbed by the 
20 radiation-absorbing dye. 

3. The method according to any of claims 1 or 2, wherein the radiation 
applied to the blood vessel during step (c) is of a type and in an amount sufficient to 
increase the temperature of the blood to a level that promotes clotting of blood in the 

25 vessel. 

4. The method according to any of claims 1-3, wherein the blood vessels 
feeding the lesion are in tissue which defines a body cavity. 
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5. The method according to any of claims 1 -4. wherein the tissue is 
located in the eye, lung, gastrointestinal tract, bladder, pancreas, gall bladder, sinus, 
heart, cervix, brain. ovar>', prostate, stomach or skin. 

5 6. The method according to any of claims 1-5, wherein the photodynamic 

dye is selected from the group consisting of hematoporphyrins. aminolevulinic acids, 
porphyrins, merocyanines, porphycenes. verteporfm, porfimer sodium, PH-10, 
Photofrin II. chlorins, zinc phthalocyanine, purpurins, pheophorbides, monoclonal 
antibody-dye conjugates of any of the foregoing dyes, and mixtures thereof. 

10 

7. The method according to any of claims 1 -6. wherein the radiation- 
absorbing dye is selected from the group consisting of indocyanine green, fluorescein, 
rose bengal, lutetium texaphyrin and mixtures thereof. 

1 5 8, The method according to any of claims 1 -7. wherein the lesion is a 

tumor. 

9. The method according to any of claims 1-3, 6 or 7, wherein the lesion 
isaCNV. 

20 

10. The method according to claim 9. wherein step (c) is performed after 
step (b), and after reperfusion of the CNV. 

1 1 . The method according to any of claims 1-8. further comprising 
25 administering an effective amount of a chemotherapeutic agent. 

12. The method according to any of claims 1-8 or 1 1, further comprising 
administering an effective amount of an anti-angiogenesis agent. 
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13. The method according to any of claims 1-8, 11 or 12, further 
comprising administering radiation of a type and in an amount effective to reduce the 
size of the lesion or tumor. 

5 14. The method according to claim 1 1 . wherein the administration is 

effected by injecting the chemotherapeutic agent directly into the tumor. 

1 5. The method according to claim 12. wherein the administration is 
effected by injecting the anti-angiogenesis agent directly into the tumor. 

10 

16. The method according to any of claims lo. 6. 7, 9 or 10. wherein step 
(c) is completed within 6 months of the completion of steps (a) and (b). 

1 7. The method according to any of claims 1 -3, 6, 7, 9 or 1 0, wherein 
15 steps (a)-(c) are completed within 8 weeks. 

18. The method according to any of claims 1-17. wherein radiation is 
applied in step (b) using an endoscope. 

20 1 9. The method according to any of claims 1-18. wherein radiation is 

applied in step (c) using an endoscope. 
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